The signi®cance of the ASIA (American Spinal Injury Association) scores and SSEP (somatosensory evoked potentials) recordings in predicting the recovery of bladder function was evaluated in 70 patients with acute, traumatic spinal cord injury (SCI). The patients were examined following admission to the rehabilitation centre (mean 10 days post-trauma) both clinically by the ASIA scores and electrophysiologically by tibial and pudendal SSEP recordings. The results of the initial examinations were related to the degree of recovery of bladder function of the patients assessed by urodynamic examination at the end of the rehabilitation programme (at least 6 months post-trauma). The recovery of somatic nerve function (external urethral sphincter function) involved in bladder function was correlated to both the initial ASIA scores and SSEP recordings (Spearman correlation, P50.001). The latter parameters, however, were not related to the outcome of autonomic nerve function (eg detrusor vesicae function) (Spearman correlation, P=0.1). Therefore, the initial clinical and electrophysiological examinations are of value in assessment of the degree to which the patient will recover somatic nervous control of bladder function. However, these examinations are not indicative of urodynamic impairment. Therefore, urodynamic examination should be mandatory for the diagnostic assessment and therapeutical approach of bladder dysfunction in patients with acute SCI.
Introduction
In patients with traumatic spinal cord injury (SCI) clinical examination is the ®rst and most important approach in the diagnostic assessment of the patient. The ASIA protocol (inaugurated by the American Spinal Injury Association), which is based on longlasting clinical experience, allows the clinician to perform a standardized clinical examination in order to assess the extent of SCI and to predict to some degree the prognosis of functional disability. 1 ± 3 Furthermore, in combination with SSEP recordings the diagnostic assessment can be improved, especially in incomprehensive and uncooperative patients. 4 ± 6 Therefore, the combination of ASIA scores and SSEP recordings can be of high value in predicting the outcome of ambulatory capactity 7 ± 9 or hand function 10 in acute SCI patients. In line with these observations, the aim of this study was to evaluate the degree to which initial ASIA scores and SSEP recordings are related to the recovery of bladder function in patients with acute SCI. However, in micturition and bladder function both the somatic and autonomic nervous systems are involved. Therefore, we related the results of the initial examinations to the recovery of (1) bladder function according to the urodynamic examination and classi®cation. This depends on autonomic and somatic nerve function and (2) the external utethral sphincter function (EUS), which depends on somatic nerve function. This approach should demonstrate the correlation of initial clinical and electrophysiological examinations with respect to the impairment of the somatic and autonomic nervous system involved in bladder function.
Methods

General procedures and patients
Patients with acute traumatic para-(n=39; 9 female, 30 male; mean age 40+16 years) and tetraplegia (n=31; 4 female, 27 male; mean age 43+22 years) who were hospitalized for rehabilitation in the Paraplegic Centre between 1993 ± 1995 were studied. Only patients with ASIA impairment Grade A ± D were included (Tables 1 and 2 ). Patients with nontraumatic diseases of the peripheral nervous system (eg diabetes mellitus, peripheral nerve entrapments) or cerebral lesions (traumatic and non-traumatic) were excluded. Fractures of the spine were veri®ed radio-logically, eg by X-ray, computer tomography (CT) and/or magnet resonance imaging (MRI). Patients with a neurological level of lesion C4 ± T1 were classi®ed as tetraplegic whereas those with a level below T1 were classi®ed as paraplegic.
ASIA score
A full neurological examination of all patients was performed according to the ASIA protocol (marked as full ASIA score'). In patients with acute SCI two examinations were performed. The ®rst was initially after hospitalization in the Paraplegic Centre and the second 6 months post-trauma. In order to evaluate more speci®cally the signi®cance of the ASIA protocol in the prediction of bladder recovery a so-called`sacral ASIA score' was recorded. This was related to sensory impairment in dermatomes S2 ± S5 according the ASIA protocol (pin prick and light touch; maximum of points 12) and motor functions of the legs (maximum of points 50). The latter scores were evaluated in parallel with the`full ASIA score'.
Assessment of bladder recovery
The recovery of bladder function of the patients was assessed by urodynamic examination. As this study was focussed on the level of recovered bladder function, urodynamic examinations were performed in the chronic stage of SCI, at least 6 months post-trauma or at the end of the rehabilitation programme. The degree of recovery of bladder function was assessed and categorized in two ways. On one hand by urodynamic classi®cation, which corresponds to those used in earlier studies 11, 12 and focusses on urodynamic and neurogenic characteristics of bladder dysfunction, on the other hand by the assessment of external urethral sphincter function (EUS). EUS function was graded into three categories: (1) Normal. This category is characterized by normal voluntary EUS, sensory and detrusor function; (2) Impaired function. This is characterized by preserved voluntary EUS function, but disturbed micturition due to impaired sensoryand/or detrusor function; (3) Absence of function. This is characterized by a loss of voluntary EUS function and impaired sensory and detrusor function. This gradation demonstrates the preservation of voluntary EUS function, which is a major aspect of physiological micturition. Furthermore, voluntary EUS function depends on somatic nerve function, while the bladder function and urodynamic classi®cation depend on the function of both the somatic and autonomic nervous systems.
Urodynamic examination
Measurements of the post-void volume and cultures of the urine were obtained before each urodynamic examination. Videocystourethromanometry was performed while the patients were in supine position with the pelvis tilted 15 degrees. Two microtransducer catheters (No 5 and 3 radioopaque, 8F) were used for the urethrovesical and anorectal pressure recordings, respectively. 13 Proper localization of the transducers within the bladder, bladder neck, and urethra in relation to the anatomical landmarks of the pelvis were con®rmed using an image intensi®er. Slow bladder ®lling (5 ml/min) was used with a 24% contrast medium (3-acetylamino-methyl-5-acetylamino-2,4,6-tribenzoic acid). Drugs that could interfere with the urethrovesical functions were discontinued 24 h before examination. Urodynamic examinations were performed according to the recommendations of the Urodynamic Society.
14 Neurogenic bladder dysfunction due to upper and lower motoneuron lesions were de®ned according to the recommendations of the 
SSEP recordings
The electrophysiological recordings were performed in parallel with the clinical examinations. Tibial somatosensory evoked potentials (SSEP) were elicited by electrical stimulation (0.2 msec duration square wave applied at 3Hz) of the tibial nerves of both legs, delivered at the medial ankle with the cathode placed 2 ± 3 cm proximal to the anode. Pudendal SSEP were elicited by the same stimulation parameters using ring electrodes attached to the penis in men and with skin electrodes at the level of clitoris in women as described elsewhere. 18, 19 Subjects were lying prone at ambient room temperature. The stimulus intensity was adjusted (up to 40 mA) to produce a clear muscle contraction or sensation. The recording electrodes (conventional 0.5 cm gold cup electrodes) were attached to the skin over the popliteal fossa in tibial SSEP (in order to control the eectiveness of electrical stimulation and transmission of the potentials along the peripheral nerve segments). Scalp electrodes were positioned at Cz' ± Fz (international 10/20 electrode system). The electrode impedance was maintained at less than 5 kO. The ampli®er was set at 5 mV/div and the time of analysis at 60 ms. Two sets of 500 responses were averaged and superimposed to ensure consistency.
The P40 latency and amplitude (base to peak) of the SSEP recordings were determined and the results were classi®ed into 5 categories:
10,20 Category 1; no cortical SSEP recording. Category 2; pathologic P40 latency and amplitude. Category 3; delayed P40 latency with normal amplitude. Category 4; normal P40 latency with reduced amplitude. Category 5; normal P40 latency and amplitude. Such a procedure re¯ects the dierent degrees of impaired impulse transmission within the spinal cord.
Control data were collected from 10 healthy subjects (®ve male, ®ve female, mean age 29.6 years, range 24 ± 38 years). Because the P40 latency is related to the body height, the limits to de®ne signi®cant pathological results of the P40 latency were related to the control data corrected for height (latency=0.1996 (body height ± 6.97)). The limits for the P40 amplitude (base to peak) was set to 40.5 mV. These limits are in accordance with values reported elsewhere. 21 
Statistics
Statistical evaluations were performed using a SAS (Information Delivery System) software package. Spearman correlation analysis (level of signi®cance, P50.001) and Student t-test (level of signi®cance, P50.05) were performed to evaluate statistical signi®cance.
Results
Acute SCI patients In 31 tetraplegic patients and 39 paraplegic patients the ®rst clinical (ASIA scores) and electrophysiological (SSEP) examinations were performed within an average of 10 days (range 1 ± 35 days) post-trauma and was repeated after 6 months. Therefore, the present study is concerned with the early phase of rehabilitation and has to be distinguished from studies referring to examinations immediately post trauma. The results of the initial clinical and electrophysiological examinations were related to the recovery of bladder function (urodynamic classi®cation) and voluntary EUS function of these patients after discharge from the rehabilitation programme (at least 6 months post-trauma).
Recovery of bladder function
In patients with acute tetraplegia 27% recovered to normal bladder function according to the urodynamic classi®cation, 73% developed an incomplete (40%) or complete (33%) neurogenic bladder dysfunction characteristic of upper motor neuron lesion (UMN). There was no patient with a secondary lesion of the conus medullaris. The voluntary EUS function was assessed to be normal in 27%, impaired in 39% and absent in 34% of patients.
In the paraplegic patients only 10% recovered to normal bladder function (urodynamic classi®cation), 47% developed a bladder dysfunction characteristic of upper motor neuron lesion (UMN) (40% complete, 7% incomplete), 33% characteristic of lower motor neuron lesion (LMN) (13% complete, 20% incomplete) and 8% a combination of UMN and LMN. The voluntary EUS function was assessed to be normal in 10%, impaired in 30% and absent in 60% of patients.
Clinical examination and recovery of bladder function
In patients with acute tetraplegia both the initial`full ASIA score' and the`sacral ASIA score' were signi®cantly correlated (Spearman correlation analysis; P50.001) to the recovery of both bladder function (urodynamic classi®cation) and voluntary EUS function (Table 3 ). There was no signi®cant dierence between the predictive value of the`full ASIA score' (Spearman corr. coe. = 0.57; P50.001) and thè sacral ASIA score' (Spearman corr. coe. =0.58; P50.001). The statistical analysis revealed no significant dierence between pin prick and light touch (pin prick: corr. coe. = 0.51, P50.001; light touch: corr. coe. = 0.60, P50.001). The tetraplegic group consisted only of patients with neurogenic bladder dysfunction due to UMN lesion. Only 10% of the patients with loss of pin prick and light touch of the sacral dermatomes at the initial clinical examination retained incomplete bladder dysfunction, and none of these patients recovered normal bladder function. All patients who ®nally achieved normal bladder function had an initial`sacral ASIA score' of at least six for light touch and pin prick.
In the acute paraplegic patients the initial full and sacral ASIA scores were signi®cantly correlated to the recovery of voluntary EUS function (student t-test, P50.001), but not to the recovery of bladder function according to the urodynamic classi®cation (student ttest; P=0.1). Although the ASIA scores predicted the recovery of voluntary EUS function, both the full and sacral ASIA scores did not dierentiate between neurogenic bladder dysfunction from the type of UMN or LMN lesion (urodynamic classi®cation) ( Table 4 ). In the paraplegic group, patients with complete loss of voluntary EUS function had a loss of sacral pin prick at the initial clinical examination in 90% of cases, while only 75% presented a complete loss of sacral light touch sensation. Due to the relatively small group of ASIA B patients, this dierence was not statistically signi®cant. Similar to the tetraplegic patients, only 10% of the patients with initial complete loss of sacral pin prick and light touch ®nally developed an incomplete bladder dysfunction at 6 months post-trauma.
SSEP recordings and recovery of bladder function
In the tetraplegic patients both the initial tibial SSEP recordings and the clinical examination were significantly related to the outcome of bladder function (with respect to both the urodynamic classi®cation and voluntary EUS function; Spearman corr. coe. 0.50, P50.003) (Figure 1) .
The initial pudendal SSEP recordings in the tetraplegic patients were not signi®cantly related to the outcome of bladder function (Spearman correlation, P=0.1), as in 20% of the patients pudendal SSEP could not be recorded although the patients did not show a complete sacral deaerentation (false negative results). However, in contrast to the tibial SSEP all of the patients in whom initially a pudendal SSEP could be recorded, recovered to at least an incomplete bladder dysfunction.
In the paraplegic patient group both the initial tibial (Spearman correlation, P50.007) and pudendal (Spearman correlation, P50.0007) SSEP recordings were signi®cantly related only to the outcome of EUS function (Figure 2 ). Similar to the clinical examination, the SSEP recordings predicted the recovery of voluntary EUS function, but were not related to the urodynamic dysfunction (dierentiation between UMN or LMN lesion) (Spearman correlation, P=0.1). Of the paraplegic group 90% of patients with an absence of pudendal SSEP at the initial Table 3 Relation between the initial`sacral ASIA score' (mean and standard deviation) in patients with acute tetraplegia and recovery of voluntary EUS function 
Discussion
Impaired bladder function is one of the most relevant complications in patients with complete and incomplete SCI. The introduction of new diagnostic and therapeutic techniques allows the optimisation of the treatment of neurogenic bladder dysfunction and improves rehabilitation and life expectancy of SCI patients. 22, 23 Therefore, it is important to assess the type of bladder dysfunction at an early stage in patients with acute SCI. Cystometric examinations in combination with radiography are the most sensitive techniques used to assess those parameters re¯ecting urodynamic (detrusor and sphincter pressure etc.) and morphologic characteristics of a normal or impaired bladder function. 24, 25 This allows an appropriate diagnosis and management of voiding dysfunction in patients with neurogenic bladder dysfunction. 11, 26 The clinical examination according to the ASIA protocol are restricted to the assessment of somatic motor and sensory nerve functions in patients with acute SCI. Therefore, this examination can only be of partial value in patients with neurogenic bladder dysfunction, as the autonomic part of bladder dysfunction is not assessed. Nevertheless, the clinical examination (ASIA scores and Impairment Grade) is usually the ®rst diagnostic approach in acute SCI and therefore, it is of interest to know its value in the prediction of bladder function. 1, 2, 27 The diagnosis of bladder (voiding) and sexual (impotence) dysfunction in neurological disorders (multiple sclerosis) with electrophysiological techniques is of restricted value, as the autonomic nervous system is not evaluated by electromyography (EMG, re¯exes) or somatosensory evoked potentials (tibial and pudendal SSEP).
28 ± 31 Therefore, in the latter patients these electrophysiological recordings show the best correlation to disturbances of somatic nerve functions. 32 This was evident in the present study. It was demonstrated, that the impairment of bladder function due to somatic nerve dysfunction (voluntary EUS function) could be predicted by clinical and electrophysiological means in both paraplegic and tetraplegic patients. Therefore, the latter examinations are similarly related with the recovery of EUS function as with the outcome of other somatic nerve functions, eg ambulatory capacity and hand function.
± 10
These results are, however, of limited value in predicting the recovery of urodynamic bladder function, because both the full and sacral ASIA scores and the SSEP recordings cannot indicate the extent to which the autonomic nervous system is disturbed and whether bladder dysfunction is due to an upper or lower motor neuron lesion (detrusor function). The correlation of the clinical and electrophysiological examinations with the urodynamic bladder function in the tetraplegic patient group is due to the fact, that in the latter group there were no patients with secondary lesions of the conus medullaris. It is evident from the results of the paraplegic patient group, that the latter examinations do not allow to assess the autonomic nerve function involved in bladder function.
Additional recordings of lumbar SSEP can indicate lesions of the conus medullaris, which are related to detrusor dysfunction. However, these recordings also failed to give information about the urodynamic characteristics (hyper-vs hypo-re¯exive detrusor). 33, 34 The best informations can be obtained by the combination of both urodynamic and electrophysiological examinations.
± 41
Conclusions
Although there is a limited relationship between the results of the initial clinical and electrophysiological examinations and the recovery of urodynamic bladder function, they are of clinical relevance. 41 They assess the impairment of bladder function due to the voluntary EUS function in acute SCI patients and can indicate already early after trauma the degree to which EUS function is likely to recover. This can be of additional value in patients with acute SCI, where the urodynamic characteristics are altered due to spinal shock. 42 
Figure 2
Initial pudendal SSEP in acute paraplegia and recovery of voluntary EUS function (SSEP result: type 1=no SSEP; type 2 ± 3=pathological latency; type 4 ± 5=normal latency)
